Objective: To assess root canal morphological results and cleaning capacity in deciduous teeth instrumented with a reciprocating system. Material and Methods: 15 deciduous molars and a total of 24 canals were selected for the study. Nine teeth (13 canals) were selected at random for microbiological analysis and 6 teeth (11 canals) were used for tomographic analysis of morphology. The roots used for the microbiological assessment were contaminated with standard strains of Enterococcus faecalis. All roots were instrumented using the WaveOne System with a Small (21:06) 21 mm file and an X-Smart plus motor. Tomography was conducted with an I-CAT machine before and after instrumentation with the objective of analyzing the WaveOne System's shaping capacity. Statistics: Biostat 4.0 software was used to analyze results. The microbiological results (log10) and tomographic results (pixels) were analyzed using descriptive statistics and the Wilcoxon test. Results: There was a significant reduction in Enterococcus faecalis colony-forming units after instrumentation of the root canal systems of deciduous molars using the WaveOne system (p=0.0033) and significant enlargement of the root canal systems was observed after instrumentation (p=0.047), while morphology was maintained. Conclusion: The WaveOne System, using the Small file was effective for disinfection of the root canal systems of deciduous molars.
Introduction
Premature loss of deciduous teeth can result in changes to the timing and sequence of eruption of the permanent teeth. Maintenance of deciduous teeth up to the physiological point of shedding contributes to mastication, phonation and esthetics and helps to prevent children from acquiring unhealthy habits [1] . Traumatic events or caries processes involving deciduous teeth can cause infections that lead to pulp necrosis or irreversible pulpitis that will require endodontic treatment.
The success of endodontic treatment is dependent on reducing the number of microorganisms in root canals [2] by means of chemomechanical preparation involving removal of vital tissues, necrotic remnants and microorganisms. In pediatric dentistry, cleaning and maintenance of the anatomic shape of the root canal system of deciduous teeth can be made difficult by the anatomic complexity of deciduous teeth and by the behavior of the child [3] .
Disinfection of the root canals of deciduous teeth can be accomplished by mechanical preparation with k-files, hybrid techniques, rotary systems [4] or reciprocating systems [5] .
Employing reciprocating instrumentation was recently proposed as an alternative to continuous rotation as an option for instrumentation of curved canals using a single file [6] . This system shapes the root canal safely [7] . The system also allows for greater irrigant flow, removing lower quantities of dentin from the canal walls [8] and reducing the tendency to damage or fracture the instrument [9] . The WaveOne system uses a reciprocating action and is designed to employ just one file, with 3 size options (Small 21:06; Primary 25:08 or Large 25:08) chosen according to the width of the canal that is being instrumented.
There are few reports in the literature from studies that have employed reciprocating systems to prepare root canals in deciduous teeth. In view of this, the objective of this study was to compare the morphological results and capacity for cleaning root canals using the reciprocating technique in deciduous molars.
Material and Methods

This project was approved by the Research Ethics Committee at the Faculdade de
Odontologia e Medicina São Leopoldo Mandic (Protocol 626681).
The study was conducted using a sample of 15 deciduous molars donated by the human teeth bank at the São Leopoldo Mandic dental research center ( Table 1 ). The following parameters for the sample size were determined from test t: minimum detectable difference between means equal to 4.94, coefficient of variation equal to 5.0, probability level α=0.05 and statistical power equal to 0.8.
Thus, the estimated minimum sample was found to be 10.
The criteria for inclusion in the sample were: deciduous molars with a maximum of one third of the root reabsorbed (with 11.0 +/-1.0 mm working length); free from pathological internal or external root resorption; free from internal and/or external drilling in the furcation area; and with a Brazilian Research in Pediatric Dentistry and Integrated Clinic 2016, 16(1):299-305 moderate root angle [10] . Nine teeth (13 canals) were selected at random for microbiological analysis and 6 teeth (11 canals) were selected for tomographic analysis. The teeth were washed under running water and then immersed in saline solution (LBS Laborasa Ind. Farm. Ltda, São Paulo, SP, Brazil) until the experiments were started. Odontometry was conducted using the visual method [4] . The working length was determined visually by inserting a size 10 Kerr file (Dentsply Maillefer, Ballaigues, Switzerland) until the tip of the file could be seen at the apical foramen. A silicone stop was fitted to the reference cuspid corresponding to the canal and the working length was determined by subtracting 1 mm from the length of the canal [11] . Endodontic access was achieved using a sterile spherical carbide bur (KG Sorensen, São Paulo, SP, Brazil) and after the canals had been located, access was completed using a number 3082 diamond bur (KG Sorensen, São Paulo, SP, Brazil). Teeth were then sterilized in an autoclave (Brasidérmica, São Paulo, SP, Brazil).
The roots to be used for microbiological assessment were contaminated with strains of Enterococcus faecalis ATCC 29212 (LabCentulo, Campinas, SP, Brazil) and inoculated in 200 ml of BHI (Labcenter, Campinas, São Paulo, Brazil) for 5 days at 37°C in an atmosphere of 85% nitrogen (N2), 10% carbon dioxide (CO2) and 5% hydrogen (H2), created using an anaerobiosis sachet (Oxoid Ltd., Basingstoke, United Kingdom). All teeth were instrumented using the WaveOne system using the Small CRT 21:06 file with a length of 21 mm, coupled to an X-Smart plus motor (Dentsply Maillefer, Ballaigues, Switzerland).
Microbiological analysis (n=13): 9 deciduous molars (13 root canals). Initially the canals were irrigated with 1 ml of saline solution (LBS Laborasa Ind. Farm. LTDA, São Paulo, Brazil); then initial collection was performed with a sterile number 15 paper cone (Dentsply Maillefer, Petrópolis, RJ, Brazil) for 1 minute; followed by instrumentation with the WaveOne system using the Small Brazil) for 1 minute and then diluted, before three 25 ul aliquots were seeded onto blood agar plates using the micropipette technique [12] . After seeding, the cultures were incubated in anaerobiosis at 37°C for 5 days in an atmosphere of 85% N2, 10% CO2 and 5% H2, created using the sachet system.
Once this period had elapsed, the total number of colony-forming units per millimeter (CFU/ML) was counted.
Morphological analysis (n=11): 6 deciduous molars (11 root canals). Computed tomography scans were conducted before and after instrumentation with the WaveOne system using an I-CAT machine (Imaging Sciences International, Hatfield, United States), model 9140-0000-0000R, series ICU071080. It should be pointed out that for this assessment there was no contamination with Enterococcus faecalis. The scan results for the canal area were obtained in pixels using tpsDig software to outline the canal lumen and determine its area.
Statistical analysis
The results were analyzed with the aid of Biostat 4.0 software. For the microbiological analysis, the results in CFU/ML were transformed into log10 and for the tomographic analysis the results were analyzed in pixels. Results were analyzed with descriptive statistics and the Wilcoxon test.
Results
There was a significant reduction in Enterococcus faecalis bacteria after instrumentation of the root canal systems of deciduous molars using the WaveOne system with the Small CRT 21:06 file with a length of 21 mm (p=0.0033) ( Table 2 ). Significant enlargement of the root canal systems was observed after instrumentation (p=0.047) ( Table 3 ) and morphology was maintained. 
Discussion
One important cause of endodontic treatment failure in deciduous molars is the presence of polymicrobial infection with a predominance of anaerobic microorganisms such as Streptococcus and Enterococcus faecalis, which are members of a microbiota that is resistant to conventional instrumentation [13] . Siqueira et al. used scanning electron microscopy to demonstrate that Enterococcus faecalis colonize root canal walls, forming biofilm structures [14] . Other causes of failure are presence of accessory foramina around root bifurcations and ectopic resorptions which compromise effective cleaning of the canal [15] . Chemomechanical preparation has an important part to play in disinfection of root canal systems [14] .
Ineffective instrumentation can lead to incomplete cleaning of the root canal system with the result that irrigants will be unlikely to be effective in non-instrumented regions of the canal. Over the last 10 years, many rotary nickel-titanium (Ni-Ti) instruments have been developed in attempts
to overcome these problems [3] .
In our study we used a Small CRT 21:06 file with a length of 21 mm, which is the preferred file indicated for atresic canals and which has a cutting face angled to cut in the counterclockwise direction. The reciprocating movement cuts when rotating in the counterclockwise direction, while the clockwise component reduces the risk of cyclic instrument fatigue [16, 17] .
Using just one instrument with an alternating movement can reduce the risk of fracture during torsion, eliminating cyclic fatigue [18] . Furthermore, the instrumentation technique requiring just one file can also reduce stress to the professional performing the work [16] .
In the present study a significant reduction in Enterococcus faecalis was observed after instrumentation of the root canal systems of deciduous molars using the WaveOne system, in agreement with others authors who observed similar canal cleaning capacity when different rotary and reciprocating systems were compared (WaveOne, Reciproc and MTwo) [19] . The WaveOne and Reciproc system exhibited similar efficacy for cleaning root canals in a previous study [20] .
A study showed that the WaveOne and Reciproc reciprocating systems exhibited better performance in terms of maintenance of the original curvature of the canal, when compared with rotary systems, in agreement with the results of the present study [21] . As was the case in our study, some authors assessed permanent teeth using cone-beam tomography and concluded that the reciprocating system can be used with confidence, offering good safety, and that instrumentation with WaveOne resulted in satisfactory conservation of original canal morphology [22] . A computed tomography study showed that the reciprocating systems Reciproc and WaveOne caused minimum dislocation of apical substrate and remained centralized within the root canal [23] .
Microcomputed tomography is a technology with a number of different promising applications in several different areas of dentistry [24] and it can often be used to assess the anatomy of root canals and their morphology before and after instrumentation [25] . The main advantage of this assessment method is the possibility of analyzing instrumentation of root canals in three dimensions [26] . Cone-beam tomography is more precise than other routine techniques, it is highly reproducible and several images of the canals can be captured [27] . Prior knowledge of the root and the canal anatomy and knowledge of the post-instrumentation morphology allows for a global 3D
analysis of the external and internal morphology of the root and canal system using tomography [28] , which is the methodology that was used in the present study. Some researchers conducted a study using 60 extracted permanent upper first molars and concluded that the Reciproc, Wave-One and OneShape instruments were safe during use and respected the original curvature of the canal, in agreement with the results of the present study, in which we observed on tomography that the WaveOne system increased the canal diameter [29] . In this context it can be stated that the WaveOne system offers the capability for cleaning the root canal because its cutting surfaces are angled to cut when rotated in the counterclockwise direction during the cutting movement.
Conclusion
The WaveOne System, using the Small CRT 21:06 file with a length of 21 mm was effective for disinfection and shaping of the root canal systems of deciduous molars.
